Octreotide is a synthetic peptide analog of somatostatin with the same pharmacologic effects. Its primary advantages over somatostatin are a longer half-life in the circulation, a higher potency, and good bioavailability after subcutaneous administration.\[[@ref1]--[@ref3]\] The half-life of somatostatin is 2--3 minutes compared with 1--2 h for octreotide. Consequently, octreotide has largely supplanted somatostatin as a therapeutic agent for several diseases. The effects of somatostatin and octreotide occur as a result of binding to G protein receptors found throughout the body, including the gastrointestinal tract, pancreas, and the central nervous system.\[[@ref4]\] Octreotide decreases the production of gastrointestinal peptides, such as gastrin, secretin, gastric inhibitory peptide, cholecystokinin, neurotensin, motilin, and pancreatic polypeptide.\[[@ref3][@ref5][@ref6]\] This reduction in gastrointestinal peptides leads to multiple pharmacologic alterations in intestinal function.

The experience with octreotide for the treatment of gastrointestinal disorders in children is limited, with the vast majority of data in the form of case reports, small case series, or reviews of these reports.\[[@ref7]--[@ref9]\] We report our experience with the use of octreotide as primary or adjunctive therapy for infants and children with multiple gastrointestinal disorders.

PATIENTS AND METHODS {#sec1-1}
====================

A pharmacy database was used to identify all patients up to 18 years of age, who received octreotide (Novartis Pharmaceutical, Montreal, Canada) at the Alberta Children\'s Hospital in Calgary, from January 1998 to December 2004. Patients who received octreotide as primary or adjunctive therapy for gastrointestinal disorders were included. Exclusion criterion was the use of octreotide as a primary therapy for nongastrointestinal endocrine disorders. A retrospective review of medical records was performed and demographic data were collected. These included age, weight, gender, and underlying medical condition necessitating octreotide use. Octreotide dosing, duration of use, mode of administration (intermittent or continuous), route of administration (intravenous (IV) or subcutaneous (SC)) and adverse effects attributed to octreotide were also recorded.

The effectiveness of octreotide was evaluated by the assessment of certain measurable variables based on the indication for its use. In patients with gastrointestinal bleeding, packed red blood cell requirement during the 24-h period before and 48-h period following administration of octreotide was obtained. Cessation of bleeding was defined as the absence of bleeding for 48 h after the administration of octreotide with stabilization of vital signs and hemoglobin. Rebleeding was defined as the recurrence of hematemesis, bright red blood in the nasogastric tube, rectum, or melena with hemoglobin drop of 2 gm/dL and deterioration of vital signs after cessation of or attempt to wean octreotide. Failure of therapy was defined as the persistence of bleeding during octreotide therapy. In patients with pancreatic disorders, data were collected based on imaging (ultrasound or computed tomography of abdomen) measurements of pseudocyst size, abdominal drain of pancreatic ascites, or serum lipase levels before and during octreotide administration. For patients with chronic diarrhea, the amount of stool output and total fluid intake were obtained before and during octreotide therapy. In cases of chylothorax, data were collected about chest drain output before and during octreotide administration. For the patient with dumping syndrome, symptomatic response to octreotide therapy was evaluated.

Blood requirements before and during octreotide therapy were compared by paired *t*-test. Values are expressed as mean±standard deviation. The study was approved by the institutional review board.

RESULTS {#sec1-2}
=======

Octreotide was administered to 26 patients. Five of 26 patients were excluded: 3 patients with hyperinsulinemic hypoglycemia and 2 with acromegaly. A total of 21 patients aged 1 month to 13 years (5±4.5 years) were included (9 girls, 12 boys). The indications of octreotide use included massive gastrointestinal bleeding (*n*=11), complications of pancreatitis (*n*=4), chylothorax postcardiac surgery (*n*=3), chronic diarrhea (*n*=2), and dumping syndrome (*n*=1) \[[Table 1](#T1){ref-type="table"}\].
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The causes of gastrointestinal bleeding included esophageal varices (*n*=4), gastric varix (*n*=1), portal hypertensive gastropathy (*n*=2), typhlitis (*n*=1), Meckel\'s diverticulum (*n*=1), and indefinite source (*n*=2). The mean hemoglobin drop at presentation was 3.31±0.45 g/L. The mean of the initial octreotide bolus administered was 2.2±1.0 *μ*g/kg, and the mean continuous infusion was 2.2±1.0 *μ*g/kg/h. Octreotide infusion rate was tapered by half for 24 h and was stopped when there was no active bleeding. Bleeding ceased in 8 patients (72%) and those with esophageal varices underwent esophageal sclerotherapy or banding once stabilized.

Patients 1, 2, and 9 failed octreotide therapy (28%). Patient 1 underwent a negative upper endoscopy and colonoscopy. Meckel\'s scan was positive and a Meckel\'s diverticulum was resected. Nonsteroidal anti-inflammatory drug use for joint pains in patient 2 raises the possibility of proximal small intestinal ulceration or erosion in view of negative upper endoscopy. This child with chronic renal failure did not respond to IV proton pump inhibitor and died 48 h after admission due to cardiac arrhythmia, hyperkalemia, and pulmonary edema. Patient 9 had endstage liver disease secondary to prolonged total parenteral nutrition (TPN) use for short gut, with severe coagulopathy unresponsive to vitamin K injections or fresh frozen plasma and bled persistently despite continuous octreotide infusion for 14 days. The family preferred palliative management rather than the option of combined liver and bowel transplantation.

Bleeding recurred in patients 6, 7, 8, and 10 (50%). Six months after the first gastrointestinal bleed, patient 6 experienced recurrent bleeding esophageal varices with no response to octreotide, and needed emergent portacaval shunt with no recurrence of bleeding. Initially patient 7 with aplastic anemia developed a massive gastrointestinal bleed with oozing from the small intestine that was not controlled with blood products. Octreotide therapy was instituted as outlined in [Table 1](#T1){ref-type="table"} and bleeding ceased in 24 h. Therapy was discontinued at 72 h. Nine days after discontinuation of octreotide, massive lower gastrointestinal bleeding recurred that did not respond to reinstitution of octreotide infusion at 2 *μ*g/kg/h for 3 days and then 4 *μ*g/kg/h for 2 days. He developed signs of typhlitis, underwent a right hemicolectomy and had no recurrence of gastrointestinal bleeding. The resected specimen demonstrated extensive cecal necrosis and ulceration. Patient 8 had recurrence of esophageal variceal bleed on two occasions, one month apart. The second bleed occurred two months after the first one and responded to reinstitution of octreotide bolus at 2 *μ*g/kg and 2 *μ*g/kg/h for 3 days. In patient 10, 2 attempts to wean octreotide to 1 *μ*g/kg/hr were associated with recurrence of bleeding. Injection of gastric varix with cyanoacrylate was performed on day 7 of octreotide therapy and octreotide was successfully weaned. Patients 4, 5, 6, and 8 had sclerotherapy of esophageal varices on day 1 of octreotide. [Figure 1](#F1){ref-type="fig"} demonstrates a significant reduction in packed red blood cell requirement from 23±9 mL/kg before treatment to 8±15 mL/kg after treatment (*P*\<0.01 by paired *t* test).

![Effect of octreotide on the amount of blood transfusion in gastrointestinal bleeding](SJG-18-87-g002){#F1}

Four patients \[[Table 1](#T1){ref-type="table"}, patients 12--15\] developed pancreatic pseudocysts and/or ascites within 3 weeks after onset of severe pancreatitis. Pancreatic pseudocysts in patients 12, 14, and 15 resolved completely over a mean duration of 12±2 days and did not recur. Serum lipase decreased from 7682±9064 IU/L (Normal, \<60 IU/L) to 347±263 IU/L 2 weeks after initiation of octreotide therapy. In patients 12 and 13, the abdominal drain output of pancreatic fluid at a rate of 12 and 36 mL/kg/day, respectively, resolved completely and drains were removed at day 7 of octreotide therapy. In addition, patient 12 developed watery diarrhea with a stool lipase level \>3300 IU/L, thought to be due to an enteropancreatic fistula. The diarrhea resolved 3 days after initiation of octreotide therapy. Patient 15 had endoscopic transgastric drainage of infected pseudocyst on day 1 of octreotide therapy. Culture of cyst fluid grew pseudomonas organisms treated by IV antibiotics. Patient 13, a child with traumatic pancreatitis and ascites, developed severe abdominal pain unresponsive to pain control, bowel rest, and TPN. Pain and ascites resolved within 5 days of octreotide therapy.

Patients 16, 17, and 18 \[[Table 1](#T1){ref-type="table"}\] each developed a chylothorax that required placement of a chest tube within 2--3 weeks after cardiac surgery. The resolution of chylothorax was confirmed on chest X-ray. [Figure 2](#F2){ref-type="fig"} demonstrates the dramatic reduction in chest tube drainage after administration of octreotide in each child.

![Effect of octreotide on chylothorax postcardiac surgery](SJG-18-87-g003){#F2}

Patient 19, an infant with intractable diarrhea due to epithelial dysplasia, displayed a reduction of stool output from a range of 53--73 mL/kg/d prior to octreotide therapy to 25 and 15 mL/kg/d by days 30 and 90 of octreotide therapy, respectively. TPN requirement progressively declined from 85% to 70% and 50% of total daily caloric intake by days 30 and 90 of octreotide therapy, respectively. Fourteen months after initiating octreotide therapy, this patient was receiving 70% of total daily intake by enteral feeds and she grew continuously along 5^th^ centile for both weight and height. Patient 20, a child with short gut after necrotizing enterocolitis, demonstrated a progressive decrease in stool output from 85--105 mL/kg/d to 55 (day 30) and 35 mL/kg/ (day 90) after initiating octreotide therapy. In parallel to the reduction of stool output, TPN requirement decreased from 100% to 80% and 50% of total daily caloric intake at days 30 and 90 of octreotide therapy, respectively. Weight was maintained along the 20^th^ centile.

Patient 21 \[[Table 1](#T1){ref-type="table"}\] presented with symptoms suggestive of dumping syndrome that developed 2 months postfundoplication for gastroesophageal reflux disease. Bolus feeding caused a rise of serum glucose from 5.4 to 16 mmol/L at 30 min followed by a dramatic reduction to 2 mmol/L at 90 min postfeeding. The glucose reduction was associated with onset of lethargy, sweating, and diarrhea. Failure to respond to a continuous feeding led to a trial of octreotide, with alleviation of the symptoms within a week.

Side effects of octreotide developed in 4 of 21 patients. Patient 7 suffered bradycardia that progressed into ventricular fibrillation, and was successfully resuscitated. Electrocardiography demonstrated prolonged corrected Q--T interval (Q--Tc) of 0.46--0.48 second (normal, \<0.45 second). Echocardiogram and serum electrolytes were normal. At that point, the patient was receiving octreotide at 4 *μ*g/kg/h in an attempt to control lower gastrointestinal bleeding. The dose was reduced to 1 *μ*g /kg/h and the patient was started on oral Propranolol without recurrence of cardiac arrhythmia. Repeated electrocardiography, weeks and months after discontinuation of octreotide therapy, persistently showed borderline Q--Tc intervals of 0.44--0.45 second which raises the probability of pre-existing congenital Q--T prolongation. Apart from octreotide, there was no obvious predisposing factor to explain the occurrence of the arrhythmia. Patient 10 developed hyperglycemia (blood glucose, 18 mmol/L) 1 week after initiating octreotide therapy that was controlled with insulin for 10 days. The insulin was discontinued with no recurrence of hyperglycemia. Patient 20 suffered recurrent hypoglycemia (serum glucose\<2.5 mmol/L) 5 months after starting octreotide therapy. Hormonal analysis at the time of hypoglycemia revealed an abnormally low response of serum growth hormone of 1.1 mg/L (Normal, 0.2--7 mg/L), normal serum cortisol, adrenocorticotropin, and thyroid stimulating hormone, and a normally suppressed serum insulin at \<21 pmol/L. Provocative growth hormone testing using IV arginine revealed an abnormally low serum growth hormone of 1.2 mg/L (Normal, \>3 mg/L). The hypoglycemic episodes responded to growth hormone injections 6 times/week. Hypertension requiring medical therapy developed in patient 21, 3 weeks after initiation of octreotide therapy. Extensive workup for organic causes of hypertension was negative. Hypertension was resolved 2 weeks after discontinuation of octreotide therapy.

DISCUSSION {#sec1-3}
==========

Octreotide alters multiple aspects of gastrointestinal physiology and is a valuable therapeutic addition in the treatment of a variety of gastrointestinal disorders. In adults, octreotide therapy worked in the management of variceal hemorrhage, secretory diarrhea and profound excessive ileostomy losses, gastroenteropancreatic tumors, dumping syndrome, pancreatic and enterocutaneous fistulas, and pancreatitis.\[[@ref10][@ref11]\] Although experience with octreotide is more limited in pediatrics, our data indicate that octreotide is extremely useful to treat several gastrointestinal disorders that remain difficult to manage in children.

Octreotide significantly reduced the amount of blood transfusions in children with severe gastrointestinal bleeding and hemodynamic instability. Because of its potential to reduce portal blood flow, hepatic venous pressure gradient and azygos blood flow,\[[@ref12][@ref13]\] the effectiveness of octreotide in controlling upper gastrointestinal bleed in adults has been largely reported in cases of variceal hemorrhage secondary to portal hypertension.\[[@ref14][@ref15]\] In this study, 87% of responders had portal hypertension-induced bleeding lesions and octreotide therapy allowed them to be managed with banding or sclerotherapy after hemodynamic stabilization. Randomized controlled trials in adults demonstrate that a combination of endoscopic sclerotherapy/banding and octreotide is more effective than sclerotherapy or banding done alone in controlling acute variceal bleeding and preventing early rebleeding episodes.\[[@ref15][@ref16]\] Although octreotide dose for acute variceal hemorrhage is well established in adults with 50--100 *μ*g IV bolus followed by continuous infusion at 25--50 *μ*g/h,\[[@ref16][@ref17]\] no pediatric dose has been tested. From results in this study and other pediatric case series,\[[@ref9][@ref18]\] it seems that 1--2 *μ*g/kg bolus followed by a continuous infusion of 1--2 *μ*g/kg/h for 2--5 days is effective and safe. No data indicate that a higher dose or longer duration is more effective and free of adverse effects. Higher octreotide dose in patient 7 and longer duration of therapy in patient 10 were associated with major adverse effects.

While the role of octreotide in the treatment of nonvariceal gastrointestinal mucosal lesions is not well established, it has been successfully used to treat severe nonvariceal bleeding in adults and children.\[[@ref19]--[@ref21]\] Octreotide successfully reduced bleeding in a patient with typhlitis and cecal ulceration prior to surgery. Octreotide failed to control massive bleeding in a child with a Meckel\'s diverticulum, Non-steroidal anti-inflammatory drug induced bleeding in chronic renal failure or in a child with hepatic failure induced coagulopathy. The available data from randomized controlled trials in adults, about the efficacy of octreotide in controlling bleeding peptic ulcers are controversial.\[[@ref22][@ref23]\] Octreotide may reduce massive Gastrointestinal bleeding in patients with unknown and potentially treatable causes of bleeding while diagnostic and therapeutic maneuvers are being conducted. It is not a substitute for definitive therapy in these situations.

Historically, pediatric pancreatic pseudocysts have been treated with operative or percutaneous drainage procedures, and occasionally with conservative management.\[[@ref24]\] In our study, the use of octreotide has successfully resulted in complete resolution of the pseudocysts over a mean of 15 days, thereby preventing surgery and facilitating wean of TPN. Similar results have been obtained in 4 pediatric case reports.\[[@ref24]--[@ref26]\] Pancreatic fistula and ascites result from pancreatic ductal disruption with subsequent leakage of pancreatic juice. Octreotide inhibited pancreatic secretions and allowed healing of pancreatic duct with the resolution of ascites in 2 of our patients and in a case report.\[[@ref27]\] Although the published adult data on the use of octreotide in the treatment of acute pancreatitis are disappointing,\[[@ref28][@ref29]\] octreotide dramatically decreased serum lipase levels in all 4 patients and facilitated withdrawal of morphine in patient 13 with good control of pain. Octreotide was used to relieve severe pain associated with chronic pancreatitis perhaps by decreasing intraductal pressure caused by pancreatic secretions.\[[@ref30]\] In multicenter controlled therapeutic trials, somatostatin significantly reduced serum lipase levels\[[@ref28]\] and reduced the clinical need for analgesics.\[[@ref31][@ref32]\] However, it did not reduce mortality. So although there may be benefit in administering octreotide in cases of severe pancreatitis, the substantial number of studies in which no benefit could be demonstrated should also be noted. Diverse therapeutic methods were used and this may be one of the main reasons for the inconsistency of the results.

Somatostatin inhibits pancreatic secretion in a dose-dependent way.\[[@ref33][@ref34]\] Pseudocysts in our patients resolved at different time intervals after initiation of octreotide in an inverse relation to the dose of octreotide used. Other pediatric case reports support this observation.\[[@ref24]--[@ref26]\] A lower SC dose of octreotide (2.5 *μ*g/kg/d) that is similar to the octreotide dose used in patient 15, led to resolution of similarly sized pancreatic pseudocysts in 2 children in 4 weeks.\[[@ref26]\] At higher doses, 10.5 and 7.5 *μ*g/kg/d, we achieved complete resolution of pseudocysts in patients 12 and 14, respectively, over a shorter time (10--14 days). A continuous IV infusion of octreotide at 1 *μ*g/kg/h was associated with clinical improvement in 3 children with acute pancreatitis.\[[@ref35]\] In adults, SC doses of octreotide at 100, 250, and 500 *μ*g three times daily (TID) were used with clinical benefit.\[[@ref36][@ref37]\] The minimal effective dosage of octreotide remains to be determined. Low doses may be not sufficient, yet high doses decrease splanchnic blood flow and pancreatic perfusion, which could be associated with aggravation of pancreatitis.\[[@ref38][@ref39]\] Octreotide has excellent bioavailability after SC administration\[[@ref40]--[@ref42]\] and is the preferred mode of therapy for the prolonged treatment. However, IV route may be advantageous for acutely ill patients with hypovolemia and circulatory failure when SC absorption of drugs is suboptimal. For the management of complications of pancreatitis, an initial SC dose of 7.5 *μ*g/kg/d divided TID is recommended.

Chylothorax may have deleterious effects on the immunologic and nutritional status of patients. Standard management of chylothorax includes medium chain triglyceride-based feeds, bowel rest with TPN, and surgical intervention, in the form of thoracic duct ligation, pleurodesis or placement of pleuroperitoneal shunt, if medical treatment fails.\[[@ref40]\] Such an approach has been associated with significant morbidity, prolonged hospitalization and mortality.\[[@ref42][@ref43]\] Data from our study and case reports in children\[[@ref43]--[@ref47]\] indicate that octreotide can treat chylothorax as evidenced by shortening of TPN duration, hospital stay, and avoiding surgery. The mechanism of action of octreotide is not understood. Octreotide may reduce thoracic duct lymph flow,\[[@ref48]\] or may act on somatostatin receptors in the splanchnic circulation to reduce lymph fluid absorption.\[[@ref45]\] Our mean octreotide dose, 10 *μ*g/kg/d divided b.i.d. SC, was used by others with good results.\[[@ref48][@ref49]\] A continuous IV infusion of octreotide at 1--3.5 *μ*g/kg/hr also was effective.\[[@ref44][@ref47][@ref50]\]

Octreotide is effective in reducing stool output in children with a variety of disorders, including massive ileostomy loss, intestinal fistula, congenital microvillus atrophy, idiopathic secretory diarrhea, carcinoid tumour, cryptosporidium diarrhea and watery diarrhea hypokalemia achlorohydria syndrome.\[[@ref51]--[@ref58]\] The precise mechanisms by which octreotide exerts its beneficial effect is uncertain. Some studies demonstrated normal gastrointestinal hormonal secretions throughout octreotide therapy, suggesting that the effect of octreotide on stool losses was likely due to the direct inhibition of intestinal secretion and increased intestinal fluid absorption.\[[@ref51][@ref55]\] In two children in this case series, stool losses were reduced by 78% and 59% at 3 months post-initiation of octreotide at doses ranging from 8 to 60 *μ*g/kg/d SC divided either b.i.d. or t.i.d. The decrease in stool output was accompanied by tolerance of increasing volumes of enteral feeds and parallel reduction of TPN while maintaining good weight gain. As a consequence, both patients remained free of TPN-associated cholestasis. In the literature, multiple doses of octreotide were used, ranging from 3.8 to 34.6 *μ*g/kg/d SC b.i.d. or t.i.d. for a variable length of time.\[[@ref51]--[@ref55]\]

In adults, octreotide has been proposed as a possible therapeutic agent in patients with dumping syndrome, with doses ranging from 50 to 100 *μ*g b.i.d--q.i.d. SC 15 to 30 min before meals.\[[@ref59]--[@ref62]\] Its therapeutic benefit probably relates both to slowing of gastric emptying,\[[@ref59][@ref63]\] increasing small bowel transit time\[[@ref51]\] and inhibiting the release of mediators of the vasomotor symptoms.\[[@ref64]\] Our patient is the first pediatric case with successful use of octreotide in dumping syndrome. Octreotide before meals appears to be promising in children with dumping syndrome unresponsive to continuous enteral feed and dietary modification.

Four of 21 patients suffered significant adverse effects. Q--T interval prolongation is an extremely rare adverse effect of octreotide.\[[@ref65]\] A high octreotide infusion rate (4 *μ*g/kg/h) in patient 7 with probable pre-existing congenital Q--T prolongation might have well triggered the development of bradycardia and cardiac arrhythmia, which are rare side effects of octreotide.\[[@ref66]\] Octreotide should be avoided in patients with diagnosed or suspected congenital long Q--Tc syndrome and cautiously used in conjunction with drugs that prolong Q--T interval. Electric cardiography prior to initiation of octreotide therapy is strongly indicated. Prolonged use of octreotide (\>14 days) in patients 10, 20, and 21 was a possible determining factor in the development of adverse effects in these patients. In patient 21, a lack of other possible causes of hypertension and normalization of blood pressure after discontinuation of octreotide, make octreotide the most likely cause of hypertension, another recognised cardiovascular effect of octreotide.\[[@ref62]\] Therefore, regular check of blood pressure is recommended during octreotide therapy. Because of its inhibitory action on insulin, octreotide has been associated with glucose intolerance and hyperglycemia that may necessitate insulin therapy.\[[@ref18]\] This indicates close monitoring of blood glucose during octreotide therapy. In adults, octreotide has been frequently used in the treatment of acromegaly, due to its inhibitory actions on growth hormone and insulin-like growth factor 1 secretion.\[[@ref67]\] Growth hormone level was suppressed in 2 children treated with octreotide for 3--4 weeks.\[[@ref24][@ref51]\] The concern that octreotide may cause growth retardation on long-term use has been refuted by several studies.\[[@ref54][@ref68][@ref69]\] The development of symptomatic growth hormone deficiency in patient 20 indicates that close monitoring of growth hormone level and growth velocity would be required. None of our patients developed cholelithiasis, a complication reported in long-term users of octreotide.\[[@ref70]\]

CONCLUSION {#sec1-4}
==========

In conclusion, although our study is retrospective and uncontrolled, it indicates that octreotide provides a valuable addition to the therapeutic armamentum of the pediatric gastroenterologists for a wide variety of disorders. Large prospective, placebo-controlled and multicenter trials are needed to determine octreotide pharmacokinetics, therapeutic doses and clinical efficacy in children. Serious adverse events may occur at high doses or long-term use of octreotide and patients must be closely monitored.
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